INTRODUCTION
Three-quarters of all emerging infectious disease agents in humans are zoonotic in origin; consequently the study of animal diseases and their emerging potential has been considered increasingly important (Taylor et al., 2001; Woo et al., 2006b) . One of the most notable examples is infection caused by avian influenza A virus H5N1. During the outbreak of human infections by avian influenza A H5N1 virus in Hong Kong Special Administrative Region (HKSAR) in 1997, exposure to live poultry was shown to be the key risk factor for acquiring the disease (Mounts et al., 1999; Yuen et al., 1998) . At that time, the H5N1 virus was detected in 20 % of poultry in wet-markets in HKSAR, with a lot of deaths in chickens, which served as the epicentre and the source of the virus for human infections (Woo et al., 2006b) . Apart from avian influenza, birds are an important reservoir of other important emerging (Campbell et al., 2002) . Since infected, dead or sick birds are an important risk factor for such zoonoses a search for novel viruses in their corpses may identify potential candidates for emerging infections in humans.
Recently, we discovered a novel subgroup of coronaviruses in dead birds in Hong Kong ).
Picornaviruses are found in humans and a wide variety of animals in which they can cause respiratory, cardiac, hepatic, neurological, mucocutaneous and systemic diseases of varying severities Pallansch & Roos, 2007; Tracy et al., 2006) . Based on genotypic and serological characterization, picornaviruses are currently divided into 12 genera: Enterovirus, Cardiovirus, Aphthovirus, Hepatovirus, Parechovirus, Erbovirus, Kobuvirus, Teschovirus, Sapelovirus, Senecavirus, Tremovirus and Avihepatovirus. In 2007, we performed complete genome sequencing and comparative analysis on a novel human rhinovirus species, human rhinovirus C, which belongs to the genus Enterovirus . Furthermore, our recent study on its clinical and molecular epidemiology also revealed a potentially distinct subgroup of human rhinovirus C . Recently, a number of novel picornaviruses have been discovered (Chiu et al., 2008; Greninger et al., 2009; Hales et al., 2008; Hollister et al., 2008; Holtz et al., 2008; Jones et al., 2007; Kapoor et al., 2008a, b; Kim et al., 2007; Lau et al., 2007b; Li et al., 2009; Oberste et al., 2007a, b; Reuter et al., 2009) . In birds, the known avian picornaviruses include: avian encephalomyelitis virus (genus Tremovirus), which is found in land-based poultry; and duck hepatitis virus AP (unclassified Picornaviridae), duck hepatitis A virus/duck hepatitis virus 1 (genus Avihepatovirus) and avian sapelovirus (genus Sapelovirus, formerly named duck picornavirus TW90A), which are found in ducks. Since birds are the major reservoirs of various fatal viral infections and picornaviruses we hypothesized that there are previously undescribed picornaviruses in dead wild birds. To test this hypothesis, we carried out a territory-wide molecular epidemiology study for picornaviruses in dead wild birds. In this article, we report the discovery of three distinct novel picornaviruses in 14 birds from four different species of the family Turdidae. Genome sequencing and comparative analysis showed that the three viruses fell into two distinct clusters. They were most closely related to, but distinct from, members of the genus Kobuvirus in the family Picornaviridae (Holtz et al., 2009; Li et al., 2009; Reuter et al., 2009; Yamashita et al., 1998 Yamashita et al., , 2003 . Based on our results, we propose two novel genera, Orthoturdivirus and Paraturdivirus, in the family Picornaviridae.
RESULTS

Bird surveillance and identification of three novel picornaviruses
A total of 6842 respiratory and alimentary specimens from 6765 dead wild birds of 201 different species in 50 families were obtained from various locations in HKSAR ( (Fig. 1a) . Moreover, these 14 sequences fell into three distinct clusters, suggesting the presence of three novel picornaviruses (Table 1 ; Fig. 1a ). These novel picornaviruses seemed to be most closely related to Aichi virus and bovine kobuvirus of the genus Kobuvirus, as well as porcine kobuvirus and klassevirus, which were proposed to be members of the genus Kobuvirus, and salivirus, which was at the borderline between a new genus and a highly divergent species in the genus Kobuvirus (Holtz et al., 2009; Li et al., 2009; Reuter et al., 2009) . Since these three clusters of novel picornaviruses were all found in birds of the genus Turdus in the family Turdidae, or Copsychus saularis (oriental magpie robin), which was previously also classified in the family Turdidae (del Hoyo et al., 2005) , we propose the three viruses to be named turdiviruses 1, 2 and 3 (TV1, TV2 and TV3, respectively). The seasonal epidemiology of TV1, TV2 and TV3 is shown in Fig. 1(b) . All samples positive for turdiviruses were collected in autumn and winter (September, November, December and January).
Viral culture
No cytopathic effect (CPE) was observed in any of the cell lines or chick embryos inoculated with the swab specimens that were positive for TV1, TV2 and TV3 by RT-PCR. (Fig. 2 ). Both 59 (nt 415, 585-636 and 585-646, respectively) and 39 (nt 317, 219-221 and 236-240, respectively) ends of the genomes contain UTR. The genomes of TV1, TV2 and TV3 contain a large open reading frame, of 7287, 6768 and 6777 nt, respectively, which encodes predicted polyprotein precursors of 2428, 2255 and 2258 aa, respectively. The predicted precursor polyproteins are believed to be translated in the host cell cytoplasm and processed by virus-encoded proteases to yield the mature viral non-structural and structural proteins. The hypothetical 3C protease cleavage sites of the polyproteins, as determined by multiple alignments with other picornaviruses with complete genomes available, are shown in Table 3 and Supplementary Fig. S1 (available in JGV Online).
In the 59UTR RNA of TV1, TV2 and TV3, the conserved sequence Y n -X m -AUG (Y 9 -X 19 -AUG in TV1, Y 6 -X 19 -AUG in TV2 and Y 6 -X 34 -AUG in TV3) is present (Racaniello, 2007) . In the 59UTR RNA of TV2 and TV3, a GNRA sequence, a four-amino acid motif conserved among picornavirus internal ribosomal entry site (IRES), was present. Although some stem-loop structures can be predicted from the 59UTR RNA of TV2 and TV3 using MFOLD (Zuker, 2003) and manual alignment, no definite IRES conforming to the structures of any of the known IRES was observed for TV1, TV2 and TV3.
Similar to aphthoviruses, cardioviruses, erboviruses, kobuviruses, sapelovirus, senecavirus and teschoviruses, a leader protein (L) is present in each of the polyproteins of TV1, TV2 and TV3 (Table 4) . However, similar to the L of cardioviruses, kobuviruses, sapelovirus, senecavirus and teschoviruses, but different from those of aphthoviruses and erboviruses, the L of TV1, TV2 and TV3 do not possess the characteristic catalytic amino acid residues with proteolytic activity (Sasaki et al., 2003) .
The P1 regions encode the capsid genes VP0, VP3 and VP1. As in avihepatovirus, kobuviruses and parechoviruses, the predicted cleavage sites in VP0 (for cleavage into VP4 and VP2) are absent in TV1, TV2 and TV3 (Table 4 ).
The P2 regions encode non-structural proteins 2A, 2B and 2C. Similar to the other picornaviruses except enteroviruses and sapelovirus, the 2A proteins of TV1, TV2 and TV3 do not possess the characteristic catalytic amino acid residues with trypsin-like proteolytic activity. Furthermore, unlike avihepatovirus, aphthoviruses, cardioviruses, erboviruses, senecavirus and teschoviruses, the 2A proteins of TV1, TV2 and TV3 do not contain the NPGP motif for 2A-mediated cleavage at the 2A-2B junction (Table 4) . Similar to parechoviruses, hepatoviruses, tremovirus, Aichi virus, bovine kobuvirus and porcine kobuvirus, the 2A protein of TV1 contains conserved Hbox/NC motifs characteristic of a family of cellular proteins involved in cell proliferation control (Hughes & Stanway, 2000; Reuter et al., 2009) . However this H-box/NC motif was not observed in the 2A proteins of TV2 and TV3 (Holtz et al., 2009; Li et al., 2009) . Similar to all the other picornaviruses, the 2C proteins of TV1, TV2 and TV3 possess the GXXGXGKS motif for NTP binding (Gorbalenya et al., 1989a) . Furthermore, the 2C proteins of TV1, TV2 and TV3 possess the DDLXQ motif for putative helicase activity (Gorbalenya et al., 1990) ; the third amino acid is leucine in most picornaviruses. However, in a minority, leucine can be replaced by another non-polar amino acid, such as phenylalanine in duck hepatitis virus 1 (an avihepatovirus) (Tseng et al., 2007) , alanine in Ljungan virus (a parechovirus) (Lindberg & Johansson, 2002) and isoleucine in hepatitis A virus (a hepatovirus) (Cohen et al. 1987) and human enterovirus C (Racaniello & Baltimore, 1981) . In TV2 and TV3, this leucine is conserved, whereas it is replaced by valine in TV1 (Table 4 ).
The P3 regions encode proteins 3A, 3B (VPg, small genome-linked protein), 3C pro (protease) and 3D pol (RNA-dependent RNA polymerase). Similar to the 3C pro protein of enteroviruses (Ryan & Flint, 1997) , kobuviruses (Yamashita et al., 2003) and sapelovirus (Krumbholz et al., 2002; Oberste et al., 2003) , the 3C pro proteins of TV1, TV2 and TV3 contain the catalytic triad of HEC; whereas other picornaviruses contain the catalytic triad of HDC (Table 4) (Bazan & Fletterick, 1988) . Similar to other picornaviruses, the 3C pro proteins of TV1, TV2 and TV3 contain the conserved GXCG motif, which is considered to form part of the active site of the protease (Table 4) (Gorbalenya et al., 1989a) . Furthermore, as in other picornaviruses, the 3C pro proteins of TV1, TV2 and TV3 contain the conserved GXH motif, which forms part of the substrate-binding pocket of the protease (Table 4) . As for the 3D pol protein, similarly to the other picornaviruses, the 3D pol proteins of TV1, TV2 and TV3 contain the conserved KDE(LI)R, GG(LMN)PSG, YGDD and FLKR motifs (Table 4) (Kamer & Argos, 1984) . In the 3D pol protein of polioviruses Asp238 is conserved and plays an essential role in polymerase fidelity (Gohara et al., 2004) . This residue is also conserved in the 3D pol proteins of TV1, TV2 and TV3.
Phylogenetic analyses
The phylogenetic trees constructed using the amino acid sequences of regions P1, P2 and P3 of TV1, TV2 and TV3 and other picornaviruses are shown in Fig. 3 ; the corresponding pairwise amino acid identities are shown in Table 2 and Supplementary Table S2 (available in JGV Online). For all three regions, TV1, TV2 and TV3 show higher amino acid identities to the homologous genes in Aichi virus, bovine kobuvirus, porcine kobuvirus, klassevirus and salivirus than to those of other picornaviruses (Table 2) . However, the amino acid identities for regions P1, P2 and P3 of TV1, TV2 and TV3 with the other picornaviruses were ,40, ,40 and ,50 %, respectively. Regions P1, P2 and P3 of TV1 also showed ,40, ,40 and ,50 % amino acid identities, respectively, to those regions of TV2 and TV3 (Table 2 ). In all three trees shown in Fig.  3 , all strains of TV1, TV2 and TV3 were most closely related to Aichi virus, bovine kobuvirus, porcine kobu- virus, klassevirus and salivirus, although the topology of the tree constructed using P3 was different from those constructed using P1 and P2. However, TV2 and TV3 were clustered together in all three trees with high bootstrap supports of 1000, whereas TV1 was not as closely clustered with TV2 and TV3 (Fig. 3) .
RT-PCR and sequencing of the complete VP1 and 3D pol genes
The complete VP1 and 3D pol genes from the remaining six positive samples of TV1 and the remaining two positive samples of TV3 were amplified and sequenced. In both trees, three distinct clusters of turdiviruses were observed ( Supplementary Fig. S2 , available in JGV Online). Furthermore, in both trees the strains of TV2 were always clustered with those of TV3 with very high bootstrap values of 1000.
Codon usage in TV1, TV2 and TV3
The codon usage fractions in the TV1, TV2 and TV3 genomes are shown in Table 5 . For the amino acids that can use either NNT or NNC as their codon, TV1 preferred to use NNC more than NNT, whereas TV2 and TV3 preferred to use NNT more than NNC (P,0.001 by x 2 -test) ( Table 5) .
Estimation of synonymous and non-synonymous substitution rates
The K a /K s ratio for the various coding regions in TV1, TV2 and TV3 is shown in Supplementary Table S3 (available in JGV Online). The K a /K s ratios of the various coding regions in TV1, TV2 and TV3 were ,0.3 with .90 % of the genes having K a /K s ratios of ,0.1, implying that the genes were stably evolving, the birds being their natural reservoir.
DISCUSSION
Three distinct novel picornaviruses were discovered from dead wild birds of the family Turdidae. Three distinct groups were observed in all three phylogenetic trees constructed using the P1, P2 and P3 regions of their complete genomes (Fig. 3) . In addition, the same three 
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distinct clusters were observed in both phylogenetic trees constructed using the complete VP1 and 3D pol genes of all 14 strains (Supplementary Fig. S2 ). For the 3D pol and VP1 genes in the eight strains of TV1, there were only 1-2 % (3D pol ) and 4-21 % (VP1) amino acid differences among them, but .43 % (3D pol ) and 86 % (VP1) amino acid differences when compared with the other species of picornaviruses. For the 3D pol and VP1 genes in the two strains of TV2, there were only 3 % (3D pol ) and 1 % (VP1) amino acid differences between them, but .45 % (3D pol ) and 86 % (VP1) amino acid differences when compared with the other species of picornaviruses. For the 3D pol and VP1 genes in the four strains of TV3, there were only 2 % (3D pol ) and 2-3 % (VP1) amino acid differences among them, but .45 % (3D pol ) and 84 % (VP1) amino acid differences when compared with the other species of picornaviruses. The clustering of the strains into three groups supports their classification into three different species of picornaviruses. Further experiments will delineate whether the three turdiviruses share the same receptor in birds of the family Turdidae.
We propose TV1, TV2 and TV3 as members of two novel genera in the family Picornaviridae. Since P1, P2 and P3 of TV1 possessed, respectively, ,40, ,40 and ,50 % amino acid identities with those of all other picornaviruses and P1, P2 and P3 of TV2 and TV3 also possessed, respectively, ,40, ,40 and ,50 % amino acid identities with those of all other picornaviruses, we proposed two novel genera in picornaviruses, one for TV1 and another for TV2 and TV3, according to the definition by the International Committee on Taxonomy of Viruses (http://www.picornastudygroup. com/definitions/genus_definition.htm). The separation of TV1 into one genus and TV2 and TV3 into another is also supported by their unique genomic features. The L of TV2 and TV3 were considerably shorter than those of TV1 (Table 3) . Furthermore, for the amino acids that can use either NNT or NNC as codons, TV2 and TV3 prefer to use NNT more than NNC (Table 5) , possibly due to the importance of cytosine deamination in this sublineage, as is the case for the different coronavirus genomes . This codon-usage bias leads to the considerably lower G+C contents in TV2 and TV3 compared to TV1 . Based on these analyses, we propose a novel genus, Orthoturdivirus, for TV1 and another novel genus, Paraturdivirus, for TV2 and TV3.
The type of IRES in TV1, TV2 and TV3 remains to be determined. Initiation of translation in picornaviruses involves ribosomal binding mediated by IRES elements in the 59UTR of picornaviruses, which were first described about two decades ago (Pelletier & Sonenberg, 1988) . In the family Picornaviridae there are at least four types of IRES element. Typical type I IRES elements are present in picornaviruses of the genus Enterovirus, whereas type II IRES elements are present in picornaviruses of the genera Aphthovirus, Cardiovirus, Erbovirus and Parechovirus. For Aichi virus and bovine kobuvirus, the precise secondary structure of the IRES was not defined, although the authors believed that the location of the pyrimidine tract and the initiator methionine suggested that the IRES of Aichi virus is probably a type II IRES (Yamashita et al., 1998) . Porcine kobuvirus has a potential hepacivirus/pestivirus-like type IV group-B-like IRES (Reuter et al., 2009) . Although multiple alignments with the kobuviruses suggested that there could be more bases at the 59 end of the TV1 genome, the 59 end of the genomes as determined by RACE terminated at the same base in five separate reactions. When we tried to predict the secondary structures of the 59UTR RNA for TV1, TV2 and TV3 using MFOLD (Zuker, 2003) and manually, GNRA loops and some other stemloops were observed in the 59UTR of TV2 and TV3. However, no IRES structures similar to any of the known IRES structures in picornaviruses have been observed. Further experiments are required to determine whether TV1, TV2 and TV3 possess a previously unknown type of IRES in picornaviruses. Although IRES elements cannot be predicted in TV1, TV2 and TV3, the predicted start codons of all three turdiviruses were preceded by a pyrimidine-rich region and the start codons all had the Kozak pattern (G/A)XXAUGG (Kozak, 1986) .
In contrast to many other viruses in birds of the family Turdidae or viruses of the family Picornaviridae, TV1, TV2 and TV3 were found mainly in the winter months. Birds of the family Turdidae, more commonly known as the thrushes, are found in almost all parts of the world. The largest group of thrushes belongs to the genus Turdus, in which all eight strains of TV1 and four strains of TV3 were found in the present study. C. saularis, more commonly known as the oriental magpie robin, in which the only strain of TV2 was found in this study, was formerly classified as a member of the family Turdidae, but is now more generally considered to belong to the family Muscicapidae (del Hoyo et al., 2005) . Birds of the family Turdidae, including C. saularis, are major reservoirs of other viruses such as West Nile virus, Sindbis virus, St Louis encephalitis virus, eastern equine encephalitis virus and Japanese encephalitis virus. These viruses, being mosquito borne, are more active during the summer months. As for viruses of the family Picornaviridae, viruses of different genera have different seasonal patterns of activity. For example, enteroviruses are more active during the summer months, whereas rhinoviruses usually have spring and autumn peaks (Khetsuriani et al., 2006; Monto, 2002) . In this study, almost all TV1, TV2 and TV3 were found in November, December and January. Further epidemiological studies on TV1, TV2 and TV3 in other parts of the world would be necessary to determine whether this seasonal pattern of winter prevalence is a global phenomenon.
METHODS
Dead wild-bird surveillance and sample collection. The Department of Agriculture, Fisheries and Conservation, HKSAR Genome sequence of turdiviruses December 2006 -November 2007 as part of the AFCD avian influenza surveillance programme on dead wild birds. Tracheal and cloacal swabs were collected from these birds by Tai Lung Veterinary Laboratory (TLVL), AFCD, using procedures described previously (Ellis et al., 2004; Woo et al., 2009) . A total of 6765 dead wild birds of 201 species in 50 families were tested.
RNA extraction. Viral RNA was extracted from the tracheal and cloacal swabs using a Viral RNA mini kit (Qiagen). The RNA was eluted into 50 ml RNase-free water and was used as the template for RT-PCR.
RT-PCR of 3D pol gene of picornaviruses using conserved primers and DNA sequencing. Picornavirus screening was performed by amplifying a 305 bp fragment of the 3D pol gene of picornaviruses using conserved primers (59-AATGGRACTCCM-CTNCTNGAYGG-39 and 59-TCGAAVAGNCCTCCRAGVAGCAT-39) which were designed by multiple alignment of the nucleotide sequences of the 3D pol genes of various picornavirus species. Reverse transcription was performed using a SuperScript III kit (Invitrogen). The PCR mixture (25 ml) contained cDNA, PCR buffer (10 mM Tris/HCl pH 8.3, 50 mM KCl, 3 mM MgCl 2 and 0.01 % gelatin), 200 mM of each dNTP and 1.0 U Taq polymerase (Applied Biosystems). The mixtures were amplified for 60 cycles of 94 uC for 1 min, 48 uC for 1 min and 72 uC for 1 min with a final extension at 72 uC for 10 min in an automated thermal cycler (Applied Biosystems). Standard precautions were taken to avoid PCR contamination and no false-positive signal was observed in negative controls.
The PCR products were gel-purified using a QIAquick gel extraction kit (Qiagen). Both strands of the PCR products were sequenced twice with an ABI Prism 3700 DNA Analyzer (Applied Biosystems), using the two PCR primers. The sequences of the PCR products were compared with known sequences of the 3D pol genes of picornaviruses in GenBank.
Viral culture. Original swab materials from two of the samples positive for turdivirus by RT-PCR were provided by TLVL for attempted virus isolation using specific pathogen-free chick embryos fit for the purpose of culturing an avian virus. LLC-Mk2 (rhesus monkey kidney; ATCC CCL-7), Vero E6 (African green monkey kidney; ATCC CRL-1586) and FRhK-4 (rhesus monkey kidney; ATCC CRL-1688) cells were used as a broad-purpose cell line panel for catching most cultivable virus. A human rhabdomyosarcoma cell line (ATCC CCL-136) was also used as this is one of the best cell lines for culturing human rhinoviruses and enteroviruses. An MRC-5 (human lung fibroblast) cell line (a gift from Dr Wilina Lim, ViroMed Laboratories, Centre for Health Protection, Hong Kong) was also chosen as a non-epithelial cell line which may catch a virus with an unusual cell tropism. For each of the positive samples 200 ml of sample in viral transport medium stored at 280 uC was retrieved. After thawing, they were immediately clarified by centrifugation. The clarified inoculum was added to culture tubes by adsorption inoculation which involved decanting off the culture medium and direct application of the inoculum to the cell monolayer. After 1 h of adsorption at 37 uC in a horizontal position, excess inoculum was discarded and replaced by 1.5 ml of minimum essential medium (Gibco MEM; Invitrogen) with 1 % fetal calf serum. The cultures were incubated at 37 uC with 5 % carbon dioxide in stationary slanted racks. They were inspected daily by inverted microscopy for CPE such as rounding or syncytium formation. After 10 days of incubation, subculturing to a fresh cell line was performed. Subculturing was performed twice even if there were no CPE. When no CPE were observed at the end of incubation, the cells were frozen and thawed once and the culture lysates collected for RNA extraction. Viral RNA was detected by RT-PCR as described above. If RT-PCR was only positive for the first inoculated culture but negative on subsequent passages, the result was interpreted as carryover from the specimen instead of being due to viral replication in cell lines.
Genome sequencing. Two genomes each of TV1, TV2 and TV3 were amplified and sequenced using strategies we previously used for complete genome sequencing of other picornaviruses and coronaviruses, with the RNA extracted from the alimentary specimens as templates Woo et al., 2005 Woo et al., , 2006a Woo et al., , 2007a Woo et al., , 2009 . The RNA was converted to cDNA by a combined randompriming and oligo(dT)-priming strategy. As initial results showed that the three novel turdiviruses are more closely related to the known kobuviruses, the cDNA was amplified by degenerate primers designed by multiple alignment of the genomes of Aichi virus (GenBank accession no. NC_001918) and bovine kobuvirus (GenBank accession no. NC_004421), and additional primers designed from the results of the first and subsequent rounds of sequencing. These primer sequences are available on request. The 59 ends of the viral genomes were confirmed by RACE using a 59/39 RACE kit (ClonTech). Sequences were assembled and manually edited to produce the final sequences of the viral genomes. Genome sequence of turdiviruses Genome analysis. The nucleotide sequences of the genomes and the deduced amino acid sequences of the ORFs were compared with those of other picornaviruses. Phylogenetic tree construction was performed by the neighbour-joining method using CLUSTAL_X 1.83. Secondary structure prediction in the 59UTR was performed using MFOLD (Zuker, 2003) . Codon usage fraction analysis was performed using the 'cusp' function of EMBOSS (Rice et al., 2000) .
RT-PCR and sequencing of the complete VP1 and 3D pol genes.
The complete VP1 and 3D pol genes of TV1 from the remaining six positive samples were amplified and sequenced using primers 59-TC-CTCAAACGACGGTCTGAA-39 and 59-TCCTCAAACGACGGTCT-GAA-39 for the VP1 genes and 59-TCCGTAATCACCCCCCTCCC-CAT-39 and 59-AGAGACCACCAGCTGGAGCCA-39 for the 3D pol genes. The complete VP1 and 3D
pol genes of TV3 from the remaining two positive samples were amplified and sequenced using primers 59-TTTCACCTTCTCTGCTACTTACAT-39 and 59-CTCCTATCTGT-GTTTGGGCGGAGTA-39 for the VP1 genes and 59-TCAAAATT-ACATGATTTAGGCA-39 and 59-ATCTTCTAGCTTATGTTCCCA-TTT-39 for the 3D pol genes. The nucleotide and the deduced amino acid sequences of the VP1 and 3D
pol genes were compared with those of the four strains with complete genome sequences and other picornaviruses.
Estimation of synonymous and non-synonymous substitution rates. The number of synonymous substitutions per synonymous site (K s ) and the number of non-synonymous substitutions per nonsynonymous site (K a ) for each coding region between the two strains of TV1, the two strains of TV2 and the two strains of TV3 were calculated using the Kumar method in MEGA 4 (Kumar et al., 2008) .
Nucleotide sequence accession numbers. The nucleotide sequences of the complete and partial genomes of TV1, TV2 and TV3 have been lodged within the GenBank sequence database under accession numbers GU182406-GU182411.
